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INTRODUCTION 
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Lithography Scaling 
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ITRS Roadmap Requirements 
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Specifications are in nm 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Minimum critical level half 

pitch  
20 18 17 15 14 13 12 11 10 9 8 

Minimum hole dimension 32 28 25 23 20 18 16 14 13 11 10 

LWR 2.5 2.2 2.0 1.8 1.6 1.4 1.3 1.1 1.0 0.9 0.8 

Minimum patterned defect 

size 
20 20 20 10 10 10 10 10 10 10 10 

Overlay 6.4 5.4 4.8 4.2 3.8 3.4 3.0 2.7 2.4 2.1 1.9 

Minimum hole CD uniformity 1.2 1.0 0.8 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 

Double patterning CD 

uniformity 
0.6 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 

Spacer defined CD uniformity   0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 



Conventional Lithography 

ÅImprove Resolution 

by: 

ïShorter Wavelength 

ïHigher NA 

ïImproved tolerances 

and processing (lower 

k1) 
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ÅBut! 
 

ÅCanót go below k1 = 0.25 
in a single exposure (all 
light will diffract outside 
the lens) 
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Improvement through Litho 

Wavelength and NA 
(Historical data per Burn Lin) 
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Improvement of k1 

ÅBetter exposure tool tolerances 
ïAberrations 

ïFlare 

ïControl of wafer plane 

ïScan accuracy 

ïEtc. 

 

ÅImprovement of processing 
ïBetter resolving photoresists 

ïAnti-reflective coatings 

ïPlanarized substrates 

ïAncillary coatings 

 

ÅThe k1 resolution limit for single patterning with ArF immersion 
lithography is 36nm for 1.35 NA exposure tool (the highest NA 
available) 

 

ÅPitch Multiplication is used to go past this limit 
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The Aerial Image View Today 
(with dipole illumination for 43nm) 
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Image-able with 
ǘƻŘŀȅΩǎ ǊŜǎƛǎǘǎ ŀƴŘ 
processes 

Significant Material 
Improvement! 



Metrology Challenges for Extending 

Conventional Lithography 

ÅCD measurement including sidewall and profile 

 

ÅLWR 

 

ÅOverlay  
ïNormally measured optically 

ïNeed accuracy with optics for <3 nm overlay budget 

 

ÅDefects 
ïSome specifications reflect tool capability rather than need. 
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DOUBLE AND MULTIPLE 

PATTERNING 
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Self Aligned Double Patterning (SADP) -- Pitch 

multiplication by process  

ÅOne exposure with substantial extra processing turns edges into lines and 
doubles the pitch 

ÅPattern types that can be produced after doubling  are very limited 

ÅCan come close to doubling the pitch.  In practice, gives a 30% reduction in 
pitch (about one semiconductor generationôs worth). 
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Double Patterning  -- Two exposures 

ÅTwo exposure used giving twice the information through the lens 

ÅPattern types that can be produced are more flexible than SADP, but still 
need complicated design 

ÅCan come close to doubling the pitch.  In practice, gives a 30% reduction in 
pitch (about one semiconductor generationôs worth). 
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Litho ς Etch ς Litho - Etch 

1st Litho. 1st Etch 2nd Etch 2nd Litho. 

1st Litho. Freeze process 2nd Litho. Etch 

Litho ς Freeze ς Litho - Etch 
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Double Exposure Design Issues 

March 28, 2013 13 

Å 1 D type designs split into two exposures easily 

Å 2 D type designs can be impossible and require design 
change 



Multiple Patterning (MP) 

ÅNeeded for half pitches below roughly 22nm if ArF 
immersion lithography is to be extended 

 

ÅRequires ñDoubleò Double patterning 
ïMany process options 

ïAll potential processes complicated and expensive processes 

 

ÅExpect substantial design restrictions 

 

ÅOverlay still shrinks with final feature size 
ïMany more overlay parameters for multiple patterning 

ïInteraction between CDs and OL 
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Triple Patterning Complexity 
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Inspection Challenges with Multiple 

Patterning 

ÅMany more targets per layer (3 to 6X) 

 

ÅExposure 2 to exposure 1 metrology 

 

ÅConfounding of overlay and CD error 

 

ÅMultiple CD distributions 
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EUV 
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Suppliers execute against roadmap 
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ASML Roadmap, SPIE 2010 



EUV Lithography Exposure System 

ÅAll Reflective Optics 

ÅOptical train is in a vacuum 
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13.5 nm 
Radiation 



EUV Resist Performance Status 
Line Width Roughness (LWR) vs. Resolution 

ÅResolution of EUV has improved over time, both through resist and 
imaging tool improvements 
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Size 14nm HP 17nm HP 

LWR 3.8nm 2.9nm 

Speed 33.6mJ/cm2 26.5mJc/m2 
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EUV Metrology Challenges 

ÅSame ones as for optical extensions 
ïCD measurement including sidewall and profile 

ïLWR 

ïOverlay  

ïDefects 

 

ÅPlus: 
ïActinic substrate, blank, and mask inspection during 

mask manufacture  

ïDefect review after mask cleaning 
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Typical current EUV mask structure 
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Patterned Absorbers 

~ 50 to 70 nm thick 

(typically Cr or TaN) 

Ruthenium 

cap 

2.5 nm thick 

Reflective 

 Multilayers 

~ 280 nm thick 

(Mo/Si pair = 7nm) 

40 Pairs 

LTEM Sub. 

f1 

6o 



Hard EUV Mask Blank Challenges 
Substrate and Blank 
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Å Absorber/ARC Stack 
ï Optical Properties at EUV 

ï Properties at Inspection 
Wavelengths 

ï Particle Defects 

ï Etch Performance 

 

Å Ru Cap 
ï Particle Defects 

ï Film Loss from Etch 

ï Metrology 

Å Multilayer 
ï Particle Defects 

ï Uniformity 

ï Reflectivity and Centroid 
Wavelength 

ï Metrology (Defect Detection) 

 

 

This is difficult! 

Å Substrate 
Thermal Properties 

Particle and pit defects 

Subsurface polishing damage 

Flatness and Surface 

Roughness 

Metrology (Defect Detection) 

Å Backside Coating 
Electrical Properties 

Defectivity 



EUV Mask Blank Defects and their 

Repair 
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Phase defect repair technique 

Amplitude defect repair technique 

Graphics courtesy to S.P. Hau-Riege, Lawrence Livermore National Labs  



EUV Actinic Inspection issues 

ÅBuried defects in masks and optics need actinic 

inspection to detect 

ïLight sources are dim and give slow inspection 

ïDefects much smaller than printed feature size can give 

unacceptable patterning 

ÅMask layers require atomic level precision 

ïPits and bumps in the substrate must be found and 

repaired or avoided 

ïFlatness and smoothness of substrates are also issues 

ÅChemical nature of particles can matter 
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Mask Blank Defect Density Trend 
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Date of Process Run 

Mask Blank Defect Density Trend (@73nm SiO2 equiv.) 

2015 Memory 

2015 Logic 

Memory HVM 

Logic HVM 

Device manufacturer 

defect requirements: 

ÅProgress has been made but more progress is 
needed. 
ïDefects come from both the mask substrate and from layer 

depositions 



Need for Regular Mask Cleaning 

ÅPellicle for ArF lithography means small particles arenôt 
imaged. 

ÅLack of pellicle for EUV means very small particles are 
problems 
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SELF ASSEMBLY 
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Block Copolymer Self-Assembly 

for Holes 

 

ÅPolymer chains have ñblocksò of each monomer 

ÅVolume ratio of monomers drives the shape of the phase domains 

ÅOverall polymer MW drives size of domains 

29 

annealing 
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Block Copolymer Morphologies 
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Ʒ Phase diagram depends on 
molecular weight (number of 
molecules N) and strength of 
interaction (c factor) 

Ʒ Cylinder phase structures 
look similar to lithographic 
contact holes. 

Ʒ Lamellar phase looks similar 
to lithographic line and space 
structures. Mean field phase diagram for binary BCP 

Thermodynamic driving 
force for phase 
separation of polymers 
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